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1571 ABSTRACT 
An apparatus for monitoring current waveforms pro- 
duced by lightning strikes which generate currents in an 
elongated cable. These currents are converted to volt- 
ages and to light waves for being transmitted over an 
optical cable to a remote location. At the remote loca- 
tion the waves are reconstructed back into electrical 
waves for being stored into a memory. The information 
is stored within the memory with a timing signal so that 
only different signals need be stored in order to recon- 
struct the wave form. 
6 Claims, 4 Drawing Figures 
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LIGHTNING CURRENT WAVEFORM 
MEASURING SYSTEM 
ORIGIN OF THE INVENTION 
The invention described herein was made in perfor- 
mance of work under a NASA contract and is subject to 
the provision of Section 305 of the National Aeronau- 
tics Space Act of 1968, Public Law 85-568 (72 Stat. 435, 
5 
402 U.S. C.P. 2457). 10 
BACKGROUND OF THE INVENTION 
The present invention relates to an apparatus for 
monitoring high voltages in cables and more particu- 
larly to an apparatus for monitoring the current flow 15 
through a cable produced by lightning strikes. 
In the past there have been various instruments for 
monitoring and measuring the waveform produced by 
lightning, however, these devices have encountered 
problems in that frequently they were adversely af- 20 
fected by transient voltages and spurious signals. Such 
would, in turn, produce false data and possibly damage 
or interfere with the monitoring operation and equip- 
ment. 
that they were limited as to the amount of data that 
could be stored therein. Such was due to the fact that 
normally when the device was turned on, all of the 
equipment such as storage equipment, printers and tape 
recorders operated continuously during the monitoring 30 
operation. This required large storage equipment and 
facilities, as well as a large amount of electronic mem- 
ory, paper and recording medium for the small amount 
of actual information stored. 
SUMMARY OF THE INVENTION 
The invention includes an apparatus for monitoring 
current waveforms produced by lightning strikes. An 
elongated cable is attached to a mass carried on top of a 
platform such as a launch platform in the vicinity where 40 
it is desired to monitor the lightning strikes. A coil 
means encircles the elongated member and generates a 
voltage responsive to the current flowing through the 
elongated member. A light emitting means is connected 
to the coil means for generating a light wave corre- 45 
sponding to the voltage produced in the coil means. An 
optical receiver is remotely located from the area in 
which the lightning strikes are being monitored. Ex- 
tending between the optical receiver and the light emit- 
ting means is an optical cable through which the light 50 
waves are transmitted. An analog-to-digital converter is 
connected to the optical receiver for converting the 
signals appearing on the output of the optical receiver 
into digital signals. A data register is connected to the 
output of the analog-to-digital converter for storing the 55 
last information received from the analog-to-digital 
converter. A comparator means is provided for com- 
paring the information previously stored in the data 
register with the information coming from the analog- 
to-digital converter for causing the information being 60 
received to be loaded into a memory wherein the com- 
parison indicates a predetermined difference. A timing 
circuit including a clock, is provided for synchronizing 
the operation of the various components and for indi- 
cating the exact time that information is stored within 65 
the memory. 
Accordingly, it is an important object of the inven- 
tion to provide a lightning current waveform measuring 
Another problem with devices heretofore known is 25 
35 
2 
system which produces a waveform corresponding to 
the voltage wave produced by the lightning at a remote 
location. 
Another important object of the present invention is 
to provide a lightning current waveform measuring 
system which utilizes a minimum amount of storage 
equipment for storing the information or waveforms 
produced by lightning strikes by merely turning on the 
recording equipment when the information is being 
received. 
Still another important object of the present inven- 
tion is to provide a lightning current waveform measur- 
ing system which utilizes a waveform generating device 
located at a remote site that transmits signals to a mea- 
suring or monitoring station by means of light waves so 
as to minimize electrical interference therewith. 
These and other objects and advantages of the inven- 
tion will become apparent upon reference to the follow- 
ing specification attendant claims ,and drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view illustrating a launch pad 
equipped with an elongated cable for monitoring light- 
ning strikes, 
FIG. 2 is a block diagram illustrating an apparatus 
constructed in accordance with the present invention, 
FIG. 3 is a more detailed schematic diagram illustrat- 
ing the system constructed in accordance with the pres- 
ent invention, and 
FIG. 4 is a block diagram illustrating the mechanism 
for reconstructing the waveforms produced by the 
lightning strikes. 
DESCRIPTION O F  A PREFERRED 
EMBODIMENT 
Referring in more detail to FIG. 1 of the drawings, 
there is illustrated a launch platform generally desig- 
nated by the reference character 10 having a space 
vehicle 12 mounted thereon adjacent a launch support 
platform 14. A tower 16 is carried Qn top of the launch 
support platform 14. Extending downwardly from the 
tower are elongated cables 18 which are anchored at 20 
through an insulating member 22. An electrically con- 
ductive cable 24 extends downwardly from the cable 18 
and is grounded. 
This cable 18 acts as a lightning arrester in that when 
lightning strikes in the vicinity thereof a current i s  gen- 
erated which flows through the cable 18 down through 
the mass 24 to ground rather than striking the space 
platform or space vehicle 12. The tower 16 may be an 
insulated pole which is mounted on top of the launching 
station. 
As illustrated in FIG. 2, the optical transducer in- 
cludes a current transformer 26 which surrounds the 
mass 24 and generates a voltage proportional to the 
current flow through the mass. This voltage is subse- 
quently analyzed and reconstructed to produce a wave- 
form corresponding to the waveform of the electrical 
voltage produced by the lightning strike. The electrical 
voltage produced by the current transformer 26, which 
will be described in more detail in the discussion of 
FIG. 3 of the drawings, is, in turn, converted to a light 
signal by an optical transducer 28. This light signal is 
transmitted over an optical glass fiber cable 30 to an 
optical receiver 32 located remotely from the optical 
transducer 28. The optical cable 30 provides a substan- 
tially complete isolation of the sensitive equipment car- 
ried within the optical transducer. The optical receiver 
4,100,487 
3 4 
22 receives the light signal and converts such back to an and in one particular embodiment such is 1 kilometer. 
analog signal. The analog signal is supplied over line 34 This provides electrical signal isolation to the sensitive 
to a data compactor and storage unit 36. The data com- equipment carried within the housing 54 containing the 
pactor only stores changes in information received. light emitting diode 48. Since the signal flowing 
Therefore, the only time that the data compactor and in 5 through the optical cable 30 is transmitted in the form of 
the storage device 36 stores information is when there is a light wave, all of the circuitry illustrated on the right 
a change of information. of FIG. 3 is completely electrically isolated from the 
Since the sampling is time-oriented, when there are equipment carried within the shielded box 54. 
rapid changes in the voltage produced by the lightning The electrical output of the optical receiver 52 via 
strikes such will produce frequent sampling points. 10 wire 32 is fed to an analog-to-digital converter 56 which 
However, if during the particular strike the voltage converts the analog signal back to a digital signal. The 
wave tends to level off and the change is not as great, analog signal is also coupled by means of lead 58 to a 
then only information representing the time and change peak detector 60 which determines the peak value of the 
in the waveform needs to be stored. Accordingly, when current produced by the lightning stroke. The output of 
reconstructing the waveform it is only necessary to 15 the analog-to-digital converter 56 is in the form of a 
draw a substantially straight line between these two parallel signal and is fed to a data register 62, as well as 
time oriented samplings. to a comparator 64. The comparator 64 makes a com- 
Information from the data compactor and storage parison between the information previously stored in 
unit is then transmitted over a telephone line 38 to a the data register 62 and the information being presently 
local station 40 which may be in the vicinity of 14 miles 20 received. If this comparison is different, then the data 
from the remote station. The rate that the data can be register 62 loads the information stored therein into a 
transmitted over the telephone line 38 is controlled by memory 66 along with a count indicating the time se- 
the quality of the telephone line. In other words, the quence. The memory includes a storage portion for 
data transmission rate should be selected so that such is storing information representing the precise time of 
compatible with the construction and capability of the 25 storing of the information, as well as a portion for stor- 
telephone line 38. ing the data from the data register 62. 
The other end of the telephone line 38 is, in turn, The timing signal, which is stored within the mem- 
connected to a receiver and wave synthesizer which ory, is generated by a clock 68 which operates a counter 
controls the transmission of the information from the 70. Any suitable conventional clock and counter can be 
data compactor and storage device for reconstructing 30 utilized in the circuit and one suitable conventional 
the wave, printing it, or feeding such to a printer 42. counter is manufactured by M. F. Electronics having a 
Referring now to FIG. 3, there is illustrated a more Ser. No. 5406-16M and one suitable conventional 
detailed schematic of the circuitry illustrated in FIG. 2. counter is manufactured by Texas Instruments bearing 
The current flowing through the mass 24 that was Ser. No. SN 74197. The clock signal produced by the 
produced by the lightning strikes generates an induced 35 clock 68 is also fed by means of leads 72 to the analog- 
voltage in an integrating coil 26 which corresponds in to-digital converter 56 for synchronizing the loading of 
magnitude to the current flow through the mass 24. The the data register 62 and the comparator 64. The clock 
coil 26 completely encircles the mass 24. This voltage, 68 runs continuously, however, the information repre- 
in turn, is filtered by a high frequency filter 44 which senting time of storage, is only transferred to the mem- 
removes high frequency noise therefrom. The voltage 40 ory device 66 when the comparator 64 indicates a dif- 
then passes through a scaling resistor 46 which scales ference between the present word being received by the 
the current downwardly so that such can be accommo- analog-to-digital converter 56 and a previously stored 
dated by a light emitting diode 48. A full wave rectifier word in the data register 62. This eliminates redundant 
50 switches the current through the light emitting diode information and gaps between information. The counter 
32 in the same direction regardless of the direction that 45 70 generates a signal which indicates the exact time that 
the lightning is flowing. the information is stored in the memory since a count 
A load resistor 51 is provided in the circuit between signal is stored simultaneously with the information 
the full wave rectifier 50 and the light emitting diode 48 being transferred from the data register 62 into the 
for providing a low impedance path for current flowing memory 66. 
through the full wave rectifier 50 prior to exceeding the 50 The output of the memory 66 is connected to a com- 
threshold value of the light emitting diode 48. The cur- bined receiver and transmitter 74 which is provided for 
rent passing through the light emitting diode 48 gener- transmitting and receiving the information over a com- 
ates a light wave which is directly proportional to the mon line 38. The other end of the common line 38 is 
electrical signal supplied thereto. This light wave is connected to a transmitter and receiver and wave syn- 
transmitted through a fiber optic cable 30. 55 thesizer such as illustrated in block form in FIG. 2 and 
The equipment enclosed in the broken lines 54 is in more detail in FIG. 4 of the drawings. 
carried within an electrically shielded housing. The A mode control circuit 76 is coupled to the receiver 
fiber optic cable extends through a small hole provided transmitter 74 and to the memory 66 for activating the 
in the wall of the shielded housing. The light wave memory upon request from an external source. Any 
being transmitted through the optic cable 30 is fed 60 suitable conventional transmitter may be utilized and 
through an adjustable optical attenuator 31 to an optical one suitable transmitter is manufactured by Texas In- 
receiver 52 which converts light back to an electrical struments and has a Ser. No. SN 75154. 
voltage. The adjustable optical attenuator 31 sets the Referring in more detail to FIG. 4 of the drawing the 
peak amplitude of the optical signal to within the linear circuit illustrated therein is provided for reconstructing 
response range of the optical receiver 52 and thus ac- 65 the waveform generated by the lightning strike from the 
commodates variations in the lengths of optical cable information stored in memory 66. As previously men- 
30. It is to be understood that the receiver 52 may be tioned, the information stored in memory 66 is com- 
spaced at a distance from the light emitting diode 48, pacted; however, as it was,stored therein a timing signal 
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indicating the exact time that the data was received was 
also stored therein. When this information is received 
by a receiver transmitter 78, responsive to a command 
fed to a digital-to-analog converter 80 for producing an 
analog signal corresponding to the digital signal re- 
ceived thereby. The time information received is fed to 
a control unit 82 which, in turn, delays the request from 
the next address location from the memory until a pre- 10 
determined period of time has elapsed corresponding to 
the timing interval determined by the clock 68 and 
comparator 64 for reconstructing the waveform to its 
original shape. This reconstructed waveform is then fed 
out over lead 84 to be recorded on a strip chart 86. The 15 
information received by the receiver 78 can also be fed 
to other analyzing equipment such as a printer 88 and a 
computer analyzer 90. Any suitable conventional digi- 
tal-to-analog converter, strip chart, printer, or control 
unit may be utilized for the digital-to-analog converter 
80, the strip chart 86, the printer 88, and the control unit 
82 shown in FIG. 4 of the drawing. 
The control unit can be used for frequency (or time) 
waling incoming signals either upwardly or down- 25 
wardly. Normally, however such is used for scaling the 
signal downwardly so that it can be handled by conven- 
tional low frequency recording equipment and storage 
devices. It also permits recovery of data over low fre- 
quency lines such as line 38. The housing 54 in which 30 
the sensitive equipment such as the light emitting diode 
48 is enclosed, is a double enclosure housing which 
gives a double shielding. The hole through which opti- 
and of such a small wave length so as to eliminate the (a) a transmitterheceiver connected to the output of 
said memory for transmitting said information to a radiation of electrical energy into the enclosure from 
remote location. outside the housing. The housing in one particular em- 
bodiment includes two copper boxes, one within the 4. me apparatus as set forth in 3 further com- 
other with the walls thereof spaced Q of an inch apart. 40 prising: 
While a Preferred mhdiment  of the invention has (a) a cable connected to said transmitterheceiver; 
been described using specific terms, such description is and 
for illustrative purposes only, and it is to be understood (b) a wave synthesizer connected to said cable for 
that changes and variations may be made without de- reconstructing said current waveforms from the 
parting from the spirit or scope of the following claims. 45 information transmitted from said memory. 
What is claimed is: 5. The apparatus as set forth in claim 1 further com- 
1. An apparatus for monitoring current waveforms 
(a) a peak detector means connected to the output of 
(a) an elongated member positioned in the vicinity said optical receiver for determining the peak value 
of the current produced in said elongated member 
by a lightning strike. 
(d) an optical receiver remotely located from said 
area in which said lightning strikes are being moni- 
tored; 
means with said optical receiver for transmitting 
said light waves therebetween; 
(f) an analog-to-digital converter connected to said 
optical receiver for converting signals appearing 
on an output of said optical receiver into digital 
signals; 
(g) a memory for storing information; 
(h) a data register interposed between said memory 
and said analog-to-digital converter for storing the 
last information received from said analog-to-digi- 
tal converter, 
6) a comparator means for comparing the infOrma- 
tion previously stored in said data register with 
information coming from said analog-to-digital 
converter for loading the information stored in said 
data register into said memory when said compari- 
son indicates a predetermined difference 
0) a counter means producing a timing signal; 
(k) means for supplying said timing signal to said 
analog-to-digital converter for synchronizing the 
loading of said data register and said comparator; 
and 
(1) means for supplying said timing signal to said 
memory for recording the exact time said infonna- 
tion is loaded into said memory from said data 
register. 
2. The apparatus as set forth in claim 1 wherein said 
analog-to-digital converter produces said digital signals 
in parallel form On its Output 
being sent Over cable 38 of the mode controller 76, it is (e) an Optical cable connecting said light emitting 
5 
20 
cal cable 30 extends is small in diameter (Q of an inch) 3* The apparatus as set in 1 further corn- 
35 prising: 
PriShg: 
produced by lightning strikes comprising: 
where it is desired to monitor the lightning strikes 50 
prising: an optical attenuator located between said opti- ning strikes; 
crating a responsive to current flowing 55 maximum transmitted optical wave signal to within the 
through said elongated member; linear range of said optical receiver and to compensate 
(C) a light means connected to said Coil for variations in the length and transmissivity of said 
means generating light waves corresponding to optical cable. 
for having currents generated therein by said light- 6. n e  as set forth in claim 1 further com- 
(b) coil ~~S encircling said elongated IIl€dXr gen- cal receiver and said optical cable for adjusting the 
said voltage produced in said coil means; * * * * *  
60 
65 
